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Oscillations	 in	 the	 intracellular	 calcium	 (Ca2+)	 concentration	 form	 one	 of	 the	





et	 al.	 2012).	 Nevertheless,	 one	 prominent	 modeling	 approach	 to	 intracellular	
Ca2+	oscillations	is	the	use	of	ordinary	differential	equations	(ODEs),	which	treat	
the	 intracellular	 Ca2+	 concentration	 as	 spatially	 homogenous.	 Although	 ODEs	
cannot	account	 for	 the	 interaction	of	Ca2+	microdomains	 to	 form	cell-wide	Ca2+	
patterns,	 modelers	 still	 choose	 ODEs	 since	 (a)	 the	 study	 of	 ODEs	 is	
computationally	cheap,	and	a	large	body	of	techniques	is	available	to	investigate	
ODEs	 in	 great	 detail,	 or	 (b)	 there	might	 not	 be	 sufficient	 experimental	 data	 to	
develop	a	spatially	extended	model.	Irrespective	of	the	reason,	analyzing	ODEs	is	
a	key	instrument	in	the	toolbox	of	modelers.	In	this	protocol,	we	look	at	a	well-




serve	 as	 a	 template	 for	 future	 studies.	 For	 a	 general	 background	 on	 analyzing	




































































the	 additional	 expressions	 of	 equation	 (3),	 and	 all	 lines	 that	 start	 with	
par	 hold	 the	 parameters	 for	 the	 simulation.	 Save	 the	 file,	 e.g.	 as	
LiRinzel.ode.	
3. Change	to	the	directory	where	the	executable	xppaut	was	installed	to.	




5. Change	 the	 settings	 so	 that	 the	 Ca2+	 concentration	�	is	 plotted	 against	
time	by	clicking	on	the	button	Xi	vs	t	in	the	left	column	and	enter	c	at	the	
input	line	at	the	top	of	the	window.	












window,	 enter	 0.5	 in	 the	 first	 box	 labeled	 I	 and	 then	 click	 on	 Go.	 The	
outcome	of	the	simulation	is	shown	in	Figure	2b.	





Solution:	 Make	 sure	 that	 LiRinzel.ode	 is	 in	 the	 same	 directory	 as	 the	
executable	 xppaut.	 Either	 copy	 LiRinzel.ode	 into	 the	 same	 directory	 as	
xppaut,	 or	 use	 the	 full	 path	 name	 at	 the	 command	 line,	 e.g.	 xppaut 
~/Myxppfiles/LiRinzel.ode.	
Problem	(Step	4):	XPPaut	complains	when	reading	in	LiRinzel.ode.	









Ca2+	oscillations.	This	 is	a	phenomenon	that	a	 large	number	of	ODE	models	 for	
the	IP3R	share,	see	e.g.	(Atri	et	al.	1993;	Sneyd	and	Falcke	2005;	Thul	et	al.	2008;	
Swaminathan	et	al.	2009).	This	protocol	may	serve	as	a	blue	print	 for	studying	
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